Chip Dicing 

DESCRIPTION 
[Paral] Baclcground of the Invention 
[Para 2] 1 . Technical Field 

[Para 3] The present invention relates to chip dicing, and more particularly, 
to a chip separation method using a laser. 

[Para 4] 2. Related Art 

[Para 5] Chip dicing is the process of separating individual chips from a 
wafer. Typically, chip dicing involves the use of a saw blade, chemicals, a 
laser, or their combination to cut through and along kerf regions (dicing 
channels) that run between the chips of the wafer. 

[Para 6] A saw blade can cut through the dicing channels at a high speed. 
However, because each of the dicing channels must be wider than the width of 
the saw blade (which is typically 1 00 |im), a large wafer area must be used for 
chip dicing, which is undesirable. 

[Para 7] The dicing channels usually comprise test circuits used to test the 
functionality of the chips. If chemicals are used to etch through the dicing 
channels, different chemicals and steps must be used to etch through different 
materials of the test circuits which reside in the dicing channels. As a result, 
the dicing process becomes time consuming and expensive. 

[Para 8] A laser can make a narrower cut (typically 1 0 )xm wide) through the 
dicing channels than a saw blade. However, the cutting speed of the laser is 
usually slow compared to the cutting speed of a saw blade. 

[Para 9] In short, each of the cutting means for chip dicing described above 
has advantages and disadvantages. Therefore, there is a need for a novel 



Page 1 of 21 



structure and chip dicing metPiod that uses an optimum combination of these 
cutting means for chip dicing. 

[Para 1 0] Summary of the Invention 

[Para 1 1] The present invention provides a method for chip separation, the 
method comprising the steps of (a) providing a semiconductor substrate; (b) 
forming first and second device regions in and at top of the semiconductor 
substrate, wherein the first and second device regions are separated by a 
semiconductor border region of the semiconductor substrate; (c) forming N 
interconnect layers directly above the semiconductor border region and the 
first and second device regions, wherein N is a positive integer, wherein each 
layer of the N interconnect layers comprises an etchable portion directly above 
the semiconductor border region, and wherein the etchable portions of the N 
interconnect layers form a continuous etchable block directly above the 
semiconductor border region; (d) removing the continuous etchable block by 
etching; and (e) cutting with a laser through the semiconductor border region 
via an empty space of the removed continuous etchable block. 

[Para 1 2] The present invention also provides method for chip separation, the 
method comprising the steps of (a) providing a semiconductor substrate; (b) 
forming first and second device regions and a filled deep trench in and at top 
of the semiconductor substrate, wherein the first and second device regions 
are separated by a semiconductor border region of the semiconductor 
substrate, and wherein the semiconductor border region comprises the filled 
deep trench; (c) forming N interconnect layers directly above the border region 
and the first and second device regions, wherein N is a positive integer, 
wherein each layer of the N interconnect layers comprises an etchable portion 
directly above the filled deep trench, and wherein the etchable portions of the 
N interconnect layers form a continuous etchable block directly above the filled 
deep trench; (d) removing the continuous etchable block by etching; and (e) 
cutting with a laser through the filled deep trench via an empty space of the 
removed continuous etchable block. 
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[Para 1 3] The present invention also provides a semiconductor structure, 
comprising (a) first and second device regions in and at top of a 
semiconductor substrate, wherein the first and second device regions are 
separated by a semiconductor border region of the semiconductor substrate; 
and (b) N interconnect layers directly above the border region and the first and 
second device regions, wherein N is a positive integer, wherein each layer of 
the N interconnect layers comprises an etchable portion directly above the 
semiconductor border region, and wherein the etchable portions of the N 
interconnect layers form a continuous etchable block directly above the 
semiconductor border region. 

[Para 14] The present invention provides a novel structure and chip dicing 
method that uses an optimum combination of these cutting means for chip 
dicing. 

[Para 1 5] Brief Description of the Drawings 

[Para 1 6] FICs. 1 A-1 E show cross-sectional views of a semiconductor 
structure 1 00 used to illustrate a first fabrication and dicing method, in 
accordance with embodiments of the present invention. 

[Para 1 7] FIGs. 2A-2D show cross-sectional views of another semiconductor 
structure 200 used to illustrate a second fabrication and dicing method, in 
accordance with embodiments of the present invention. 

[Para 1 8] Detailed Description of the Invention 

[Para 1 9] FIGs. 1 A-1 E show cross-sectional views of a semiconductor 
structure 100 used to illustrate a first fabrication and dicing method, in 
accordance with embodiments of the present invention. More specifically, with 
reference to FIG. 1 A, in one embodiment, the first fabrication and dicing 
method starts with the step of providing a semiconductor (e.g., silicon, 
germanium, etc.) substrate 1 10. Next, device regions 1 14.1 and 1 14.2 (for 
illustration, only two are shown) are formed in and at top of the semiconductor 
substrate 110. In one embodiment, the device regions 1 14.1 and 1 14.2 can 
comprise devices such as transistors, resistors, capacitors, and electrically 
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insulating regions. TPie device regions 1 1 4.1 and 1 1 4.2 can be parts of cPiips 
1 10.1 and 1 10.2, respectively. The region 1 16 of the semiconductor substrate 
1 1 0 sandwiched between the chips 1 1 0.1 and 1 1 0.2 can be referred to as the 
semiconductor border region 1 1 6, which serves as a border between the chips 

1 10.1 and 1 10.2 and will be cut through later (described infri) during chip 
dicing so as to separate the chips 1 1 0.1 and 1 1 0.2 from each other. 

[Para 20] Next, with reference to FIG. 1 B, in one embodiment, the first 
fabrication and dicing method proceeds with the step of forming a first 
interconnect layer 1 20 (comprising regions 1 20.1 , 1 20.2, and 1 26) on top of 
the semiconductor border region 1 16 and the device regions 1 14.1 and 1 14.2. 
In one embodiment, the regions 1 20.1 and 1 20.2, which are directly above the 
device regions 1 14.1 and 1 14.2, respectively, can comprise interconnect 
elements such as electrically conducting wires (e.g., copper, aluminum wires) 
and electrically insulating regions (not shown) so as to electrically connect 
different devices (not shown) within the respective device regions 1 14.1 and 
114.2. 

[Para 21] The region 1 26, which is directly above the semiconductor border 
region 1 1 6, can comprise an etchable portion 1 27, chip edge portions 1 28.1 
and 128.2, and isolation portions 129.1 and 129.2. In one embodiment, the 
etchable portion 1 27 can comprise a material that can be etched away using 
etching (preferably, wet etching). For instance, the etchable portion 1 27 can 
comprise copper. In one embodiment, the chip edge portions 1 28.1 and 

1 28.2 can comprise any material that is adapted for preventing cracking from 
propagating through it. In one embodiment, the chip edge portions 128.1 and 
1 28.2 can comprise copper (the same material as the etchable portion 1 27 to 
make fabrication process simple). In general, the etchable portion 1 27 and the 
chip edge portions 1 28.1 and 1 28.2 do not have to comprise the same 
material. In one embodiment, the isolation portions 129.1 and 129.2 can 
comprise a low-k material (i.e., k < 3.5), wherein k denotes a dielectric 
constant. 
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[Para 22] Next, with reference to FIG. IC, in one embodiment, tPie first 
fabrication and dicing method proceeds with the step of forming a second 
interconnect layer 1 30 (comprising regions 1 30.1 , 1 30.2, and 1 36) on top of 
the first interconnect layer 1 20. The second interconnect layer 1 30 can be 
similar to the first interconnect layer 1 20. More specifically, in one 
embodiment, the regions 1 30.1 and 1 30.2, which are directly above the device 
regions 1 14.1 and 1 14.2, respectively, can comprise interconnect elements 
such as electrically conducting wires (e.g., copper, aluminum wires) and 
electrically insulating regions (not shown) so as to electrically connect different 
devices (not shown) within the device regions 1 14.1 and 1 14.2. 

[Para 23] The region 1 36, which is directly above the semiconductor border 
region 1 16, can comprise an etchable portion 1 37, chip edge portions 1 38.1 
and 1 38.2, and isolation portions 1 39.1 and 1 39.2. In one embodiment, the 
etchable portion 1 37 can comprise a material that can be etched away using 
etching (preferably, wet etching). For instance, the etchable portion 1 37 can 
comprise copper. In one embodiment, the chip edge portions 1 38.1 and 
1 38.2 can comprise any material that is adapted for preventing cracking from 
propagating through it. In one embodiment, the chip edge portions 1 38.1 and 
1 38.2 can comprise copper (the same material as the etchable portion 1 37 to 
make fabrication simple). In general, the etchable portion 1 37 and the chip 
edge portions 1 38.1 and 1 38.2 do not have to comprise the same material. In 
one embodiment, the isolation portions 1 39.1 and 1 39.2 can comprise a low-k 
material (i.e., k < 3.5). 

[Para 24] In one embodiment, the etchable portions 1 27 and 1 37 form a 
continuous etchable block 1 27,1 37 directly above the semiconductor border 
region 1 1 6. The continuous etchable block 1 27,1 37 can be considered a 
dicing channel (or kerf) region which is to be cut through later so as to 
separate the chips 1 10.1 and 1 10.2. In FIG. IG, for illustration, two 
interconnect layers 1 20 and 1 30 are shown. In general, N interconnect layers 
(N is a positive integer) can be formed on top of the semiconductor border 
region 1 1 6 and the device regions 1 1 4.1 and 1 1 4.2 such that the etchable 
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portions of the N interconnect layers form a continuous etcFiable blocl< directly 
above the semiconductor border region 1 1 6. 

[Para 25] In one embodiment, the chip edge portions 1 28.1 and 1 38.1 form a 
first continuous chip edge block 1 28.1 ,1 38.1 directly above the semiconductor 
border region 1 1 6. Similarly, the chip edge portions 1 28.2 and 1 38.2 form a 
second continuous chip edge block 1 28.2,1 38.2 directly above the 
semiconductor border region 116. In one embodiment, the isolation portions 
1 29.1 and 1 39.1 form a first continuous isolation block 1 29.1 ,1 39.1 . 
Similarly, the isolation portions 1 29.2 and 1 39.2 form a second continuous 
isolation block 129.2,139.2. 

[Para 26] Next, with reference to FIG. 1 D, in one embodiment, the first 
fabrication and dicing method proceeds with the step of applying an adhesive 
dicing tape 1 40 to a back surface 1 1 1 of the substrate 110. In an alternative 
embodiment, before the step of applying the adhesive dicing tape 140, the 
back surface 1 1 1 of the substrate 1 1 0 can be grinded to reduce the thickness 
of the substrate 1 1 0. Next, a removal step represented by an arrow 1 50 
(hereinafter, referred to as the removal step 1 50) can be performed to remove 
the continuous etchable block 1 27,1 37. In one embodiment, the removal step 
1 50 can comprise the steps of masking (i.e., covering the regions not to be 
removed with a mask) and then wet etching the continuous etchable block 
1 27,1 37. As an alternative to the wet etching step above, a dry etching step 
(e.g., using fluorine-based reactive ion etching) can be used to etch away the 
continuous etchable block 1 27,1 37. In one embodiment, the removal step 
1 50 is performed until a surface 1 1 8 of the semiconductor border region 1 16 
is exposed to the atmosphere. 

[Para 27] In one embodiment, the first and second continuous isolation block 
1 29.1 ,1 39.1 and 1 29.2,1 39.2 comprise a material that is essentially not 
affected by the removal step 1 50. As a result, the first and second continuous 
isolation block 1 29.1 ,1 39.1 and 1 29.2,1 39.2 prevents the removal step 1 50 
from damaging the first and second continuous chip edge blocks 1 28.1 ,1 38.1 
and 128.2,138.2, respectively. 
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[Para 28] Next, in one embodiment, the substrate 1 1 0 comprises bull< silicon. 
TPien, after tPie removal step 1 50 is performed, a second wet etching step 
(using, illustratively, HF-HNO3), as opposed to the first etching step of the 
removal step 1 50, is performed to form a V-shaped trench 1 1 9 (dotted line) in 
the semiconductor border region 1 1 6. The V-shaped trench 1 1 9 is formed 
because the second etching step attacks the <1 1 1 > silicon plane more slowly 
than other planes. The V-shaped trench 1 1 9 serves as a stress concentrator 
an ensuing cutting step (FIG. 1 E) described infra. 

[Para 29] Next, with reference to FIG. 1 E, in one embodiment, the first 
fabrication and dicing method proceeds with a cutting step represented by an 
arrow 1 60 (hereinafter, referred to as the cutting step 1 60) to cut down 
through the semiconductor border region 116. In one embodiment, the 
cutting step 1 60 can comprise the use of a laser via an empty space 1 65 of the 
removed continuous etchable block 1 27,1 37 (FIG. 1 C) to cut down through the 
semiconductor border region 116. As a result, the chips 1 1 0.1 and 1 1 0.2 are 
separated from each other. In general, this first fabrication and dicing method 
describe supra can be used to separate any number of chips on a wafer. 

[Para 30] In one embodiment, the laser used in the cutting step 1 60 can be 
adapted for cutting through the semiconductor material of the semiconductor 
border region 1 16 while causing essentially no damage to the chip edge blocks 
128.1,138.1 and 128.2,138.2. 

[Para 31 ] The first continuous chip edge block 1 28.1 ,1 38.1 protects the chip 
1 1 0.1 . More specifically, the first continuous chip edge block 1 28.1 ,1 38.1 
prevents any cracks (if any) caused by the cutting step 1 60 (FIG. 1 E) to the 
isolation regions 129.1 and 139.1 from propagating through it towards the 
interconnect regions 1 20.1 and 130.1 of the chip 1 10.1 . Similarly, the second 
continuous chip edge block 1 28.2,1 38.2 protects the chip 1 1 0.2. More 
specifically, the second continuous chip edge block 1 28.2,1 38.2 prevents any 
cracks (if any) caused by the cutting step 1 60 (FIG. 1 D) to the isolation regions 
1 29.2 and 1 39.2 from propagating through it towards the interconnect regions 
1 20.2 and 1 30.2 of the chip 1 1 0.2. 
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[Para 32] FIGs. 2A-2D show cross-sectional views of anotPier semiconductor 
structure 200 used to illustrate a second fabrication and dicing method, in 
accordance with embodiments of the present invention. The second 
fabrication and dicing method is similar to the first fabrication and dicing 
method described supra^ except that a filled deep trench 21 5 is formed (by, 
illustratively, etching the deep trench and then filling it with a material) during 
the formation of the device regions 1 1 4.1 and 1 1 4.2 of the chips 1 1 0.1 and 
1 1 0.2, respectively (FIG. 2A). Then, similar to the first fabrication and dicing 
method, the second fabrication and dicing method comprises the formation of 
the interconnect layers 1 20 and 1 30 (FIG. 2B), the removal step 1 50 (FIG. 2C), 
and the cutting step 1 60 (FIG. 2D). 

[Para 33] In one embodiment, the material of the filled deep trench 21 5 is 
selected such that the laser used in the ensuing cutting step 1 60 (FIG. 2D) can 
more easily and more speedily cut through the filled deep trench 21 5. In one 
embodiment, the filled deep trench 21 5 can comprise polysilicon or silicon 
oxide, which can be easily cut through by most lasers. 

[Para 34] In one embodiment, with reference to FIG. 2C, before applying the 
dicing tape 1 40 to the back surface 1 1 1 of the substrate 1 1 0, the back surface 
1 1 1 of the substrate 1 10 can be grinded until the filled deep trench 21 5 is 
exposed to the atmosphere at the back surface 111. Then, the step of 
applying the dicing tape 140 and then the removal step 1 50 can be performed. 

[Para 35] In summary, the first fabrication and dicing method of the present 
invention comprises the formation of the continuous etchable block 127,137 
(FIG. 1 G) directly above the semiconductor border region 1 1 6 during the 
formation of the interconnect layers 1 20 and 1 30. Then, the continuous 
etchable block 1 27,1 37 is removed by wet etching. Next, a laser is used to cut 
down through the semiconductor border region 1 16. The second fabrication 
and dicing method of the present invention is similar to the first fabrication 
and dicing method, except that the filled deep trench 21 5 is formed in and at 
top of the semiconductor border region 1 16 during the formation of the device 
regions 1 20.1 and 1 20.2 (FIG. 2A). The material used to fill the deep trench 
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21 5 is selected so as to facilitate the ensuing cutting step 1 60 (FIG. 2D) that 
cuts down through the filled deep trench 21 5. 

[Para 36] While particular embodiments of the present invention have been 
described herein for purposes of illustration, many modifications and changes 
will become apparent to those skilled in the art. Accordingly, the appended 
claims are intended to encompass all such modifications and changes as fall 
within the true spirit and scope of this invention. 
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